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INTRODUeTION 



From this booklet the maehinist ean gain an under- 
standing of the eharaeteristies peeuliar to aluminum and 
its alloys, as distinguished from those of other eommonly 
used metals, as well as a knowledge of the maehining 
praetiees best adapted for it. 

As eommonly used toois for eutting steel wiil often 
perform satisfactorily on aluminum, a maehinist wiil be 
able to maehine aluminum and its alloys successfully by 
supplementing his experience with the information eon- 
tained herein. 

It is the purpose of this booklet: (1) To set forth the 
general prineiples of maehining aluminum and its 
alloys; (2) to suggest speeds, feeds, and depths of eut 
whieh will produee satisfactory results; (3) to point out 
where eommon praetiee as well as tools of standard 
design may be used; and (4) to indieate where the use 
of speeial praetiees or tools is desirable. 

Part 1 deals with general maehine shop praetiee. Part 
2 deseribes the praetiees employed in au tomat ic serew 
maehine operations. 
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ALUMINUM ALLOYS 

THE word "aluminum" is eommonly used to deseribe the pure 
metal and all its alloys, in either the east or wrought eondition. 
Some of the ailoys have better maehining properties than others, 
in that they ean be eut fast, the ehips are small, and smooth surfaces 
ean be produeed readily. Others are more difficult to maehine — they 
produee euttings that are long and stringy, while still others are sof t 
and gummy. 

In Table 1, page 41, eommereial aluminum alloys are segregated 
into groups depending on whether they are east or wrought, heat 
treated or not heat treated. Within eaeh group the alloys are ar- 
ranged in the approximate order of their relative maehinability. 
The alloys in Group I have the best maehinability, those in Group 
II the next, and those in Group III the poorest. 

The easting alloys eontaining prineipaliy eopper, magnesium, or 
2inc ean generally be maehined most rapidly and satisfactorily. 
The tools may have smaller rake angles than those required for 
most of the other alloys, the ehips are small, and there is little or 
no tendeney for the tools to leave a burr or for ehips to build up 
on the eutting edge. On the other hand, the easting alioys in whieh 
silieon is the predominant alloying element maehine best if the 
speeds and euts are redueed and the rake angles inereased. The 
alloys eontaining reiatively large amounts of silieon are abrasive 
to earbon and high-speed steel tools and should be maehined with 
eemented earbide tipped tools. 

Of the wrought alloys, those whieh depend on various amounts 
of work hardening to improve their meehanieal properties are easy 
to maehine with tools having relatively large rake angles. Other 
alloys, whieh may be heat treated to improve their meehanieal 
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properties, also generally have good maehining eharaeteristies. 
Among the latter are 17S-T, 24S-T, and 53S-T alloys whieh are 
widely used for automatie serew maehine applieations. One eom- 
mereial alloy in partieular, 11S-T3, is free-cutting to a high degree, 
having been developed espeeially for serew maehine work; it ean be 
maehined readily at high speeds and heavy feeds, and the ehips 
are small. 

Even the softest aluminum, ineluding high purity metal in the 
annealed temper, may be maehined with excellent results when 
large rake angles are employed and the tools are carefully linished 
with a fine abrasive stone. 

PRINdPAL CHARACTERISTICS 
OF TOOLS FOR ALUMINUM 

Although the maehining properties of the various alloys differ 
as indieated above, the following praetiees in general characteri2e 
the prineipal differences between aluminum and most other metals 
with respeet to the tools required and should therefore be carefully 
observed: 

1. Grind more top and side rake on the eutting tools than is 
eommon for maehining steel. 

2. Keep eutting edges sharp and free of burred or wire edges. 

3. Maintain smooth, bright tool surfaces free from seratehes. 

TOOL MATERIALS 

Tools of plain high-earbon steels frequently perform satisfac- 
torily when maehining aluminum and most of its alloys. Under 
eonditions in whieh the eutting speeds are neeessarily low, they may 
be the most eeonomieal and this is partieularly true for small diam- 
eter drills. For quantity produetion work, tools made from high- 
speed steels have largely replaeed the earbon steel tools, but in 
many instanees, tools tipped with eemented earbides have proved 
far superior to high-speed steel tools. Tools of this last type are 
espeeially suited for the maehining of aluminum alloys of high 
silieon eontent; in fact some of these alloys eannot be maehined 
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successfully under produetion eonditions without it. The eemented 
earbide tipped tools, when ground to the rake angles suggested in 
this booklet, produee excellent maehined surfaces and remain 
sharp for long periods of time without regrinding; consequently 
these tools are eeonomieal for high rate produetion. The use of 
eemented earbide tools is, of eourse, restrieted to operations in 
whieh the work is f ree from vibration and irregularities in the eut. 

TOOL SHAPES IN GENERAL 

In the following deseription of tool shapes, a wide range of rake 
angles is indieated. In general, the larger rake angles are employed 
for finishing tools and for the aluminum alloys that are not free- 
eutting; this ineludes the softer materials whieh require tools with 
exceptionally aeute and keen eutting edges. On the other hand, rake 
angles in the lower range are used for roughing euts and for maehin- 
ing the alloys that have free-cutting eharaeteristies. Tools similar 
to those used for maehining steel may often be employed sueeess- 
fully. 

Top Rake— Top rake, frequently ealled **hook" beeause it gives 
a hook-like appearanee to the tool, generally varies from 20 to 50 
degrees. Very finely finished surfaces may be produeed with tools 
having a top rake angle in the higher end of the range, but, 
obviously, sueh a tool ean be used only in a maehine that is sturdy, 
free from vibration, and whieh has no lost motion in the feeding 
meehanism. For some operations it may be neeessary to use a top 
rake smaller than indieated by the above range, but a negative rake 
should never be used. 

Side Rake — Side rake is important in maehining aluminum and its 
alloys as this produees a slieing aetion whieh is espeeially effective 
in parting the eutting from the stoek. A side rake of from 10 to 20 
degrees assists materially in the eutting aetion of the tool. Planer 
and shaper tools may have a eonsiderable amount of side rake; 
finishing tools have been ground with a side rake as high as 60 
degrees in order to take full advantage of the free-cutting eharae- 
teristies of aluminum. 
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eiearanee — The elearanee should be about 8 to 10 degrees. The 
elearanee must be earried around the side of the tool whieh ad- 
vances into the work. This angle is important. If too small, the side 
of the tool will rub against the work and generate heat. If too large, 
the tool may tend to dig into the work or ehatter. 

Tool Pinishes — In all eases it is essential that the eutting edges be 
keen, smooth, and free from grinding wheel seratehes, burrs, or 
wire edges. Too mueh emphasis eannot be given to tool finish, 
beeause on it depends, to a large extent, the sueeess of maehining 
aluminum and its alloys. Keen edges are best obtained by finish 
grinding on a fine or very fine abrasive wheel, then hand stoning 
with a fine or very fine oilstone, or lapping, taking eare that neither 
the angles nor the eontour of the eutting edge are appreeiably 




Pigure 1 — Lathe tool is set at or slightly ahove eenter. 
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Figure 2 — Lathe tool and holder. 



modified during the finishing operations. Where possible, eemented 
earbide tools should be diamond lapped. 

ENGINE LATHE PRACTICE 

Turning Tools — For ordinary engine lathe work a round-nosed 
tool, as shown in Figure 1, may be used. General praetiee is to set 
the tool at or slightly above eenter. Sturdy eonstruetion of tools and 
holders is essential to minimize vibration at the high speeds at 
whieh aluminum alloys are maehined. Although the same tool may 
often be used for both roughing and finishing euts, it is important 
that the eutting edge be restoned before the finishing operation. 

Figure 1 indieates the conventional type of solid lathe tool made 
from reetangular stoek. The tool bits used in some of the patented 
lathe tool holders may likewise be ground in aeeordanee with the 
angles shown on this figure. Figure 2 illustrates sueh a tool and 
holder. 

Another type of tool and holder whieh possesses eertain adjust- 
able features is shown in Figure 3. The bit of this tool is made 
from round rod stoek of high-earbon or high-speed steel, properly 
hardened and tempered. Resharpening is readily aeeomplished by 
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holding the bit by its shank in the ehuek or eollet of a tool grinding 
maehine or an engine lathe, and grinding off the outside diameter 
until a keen edge is obtained. After eaeh grinding, the tool should 
be stoned on the top surface. By using sueh a tool and following 
the suggested resharpening proeedure, the desired shape may be 
easily maintained. When the elamp-serew of the tool bit holder is 
loosened the bit may be turned to various positions, making it 
adjustable to different working eonditions. Tools of this form may 
be used for both rough turning and finishing euts. 

Parting Tools — Parting tools for maehining aluminum and its 
alloys should have from 12 to 20 degrees top rake and should be 
stoned so that their eutting edges are keen and smooth. With sueh 
tools, the elearanee angle should be only about 3 or 4 degrees and 
light feeds should be used. 

Boring Tools — In general, the angles indieated in Figure 1 should 
be employed for boring tools, except that the elearanee angle must 
be larger for small bores; otherwise, the lower portion of the tool 




Figure 3 — Lathe tool with bit that is easily ground ta the proper shape. 
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Figure 4 — Planer tool for roughing euts, 

may rub the work and prevent the tool from eutting. By proper 
design of the tool and holder, the tool shown in Pigure 3 may also 
be adapted to boring operations in an engine lathe or a boring 
maehine. 

Cuttings — When turning some of the aluminum alloys using a tool 
with eonsiderable rake, the euttings may be eontinuous and slightly 
euried. Deereasing the rake angles may tend to euri the euttings 
more and eause them to break up. The extent to whieh this may 
be done and yet obtain the desired surface finish depends largely 
upon the alloy being maehined. Long eontinuous euttings may be 
objectionable for two reasons; they may foul the tool and maehine, 
and they may also rub over the iinished portion of the work and 
serateh the surface, sinee they are harder than the stoek beeause of 
the eold working they have received during the eutting operation. 

Lathe Genters — In engine lathe work, when using heavy, eoarse- 
feed euts with aluminum, excessive friction is eneountered on the 
lathe eenters beeause of the expansion of the metal with rise in 
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temperature. Ball or roller bearing tail-stoek lathe eenters assist in 
deereasing this trouble. 

Cuts, Feeds and Speeds — Turning speeds, feeds and euts for 
aluminum alloys are shown in Table 2, page 42. 

PLANER AND SHAPER TOOLS 

The inertia of the table and ram limit the speed at whieh alumi- 
num alloys ean be eut in a planer or shaper. As the work ean gener- 
ally be anehored seeurely, heavy feeds and euts ean be taken, whieh, 
to some extent, eompensate for the low attainable eutting speeds. 

A roughing tool is shown in Pigure 4. It is a sturdy tool with only 
a moderate amount of rake. 

A finishing tool is shown in Figure 5. This has eonsiderable top 
rake and an extremeiy large amount of side rake. This gives a long 
sweep of the eutting edge and produees a deeided siieing aetion 
whieh euts aluminum freeiy. This tool should be used for light euts 




Pigure 5 — Platier tool jor finishing euts. 
[10} 
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with fine feeds only. Care should be taken to prevent the tool from 
striking the work on its return stroke. Observance of this preeau- 
tion keeps the finished work from being marred and also prevents 
the thin edge of the tool from being injured. 

Feeds and euts at the maximum speed of the equipment are 
suggested in Table 2, page 42. 

MILLING eUTTERS 

All types of milling eutters for maehining aluminum should 
eorrespond in so far as praetieal to the general tool shapes deseribed 
above. They should have eoarse teeth and, where possible, the 
teeth should be designed to aiford top and side rake. Nieked teeth 
break the euttings into smaller pieees and are helpful in some 
instanees, but they are not generally essential for good results. 
Milling eutters for aluminum are illustrated in Pigure 6. 

For the plain type milling eutter, the eoarse-tooth, heavy-duty 

Pigure 6 — (A ) Inserted-tooth face milling eutter; (B ) spiral nieked-tooth 
plain milling eutter; (C) end mill for milling aluminum; and 
(D) helieal milling eutter. 
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eutter with spiral teeth is well suited for maehining aluminum. 
A 3-inch diameter eutter with 8 teeth, deeply eut, provides ample 
elearanee for euttings. The teeth should be undereut to provide a 
top rake angle of 10 to 20 degrees. These eutters are generally made 
with a spiral angle of about 25 degrees. The spiral angle produees 
side rake, giving the slieing aetion whieh is so desirable for the 
eiiieient eutting of aluminum. The more reeent heiieal milling 
eutters, primarily designed for maehining steel, perform satisfac- 
torily on aluminum and its alloys when the eutting edges are pro- 
vided with eonsiderable top rake. Some of these are made with a 
helix angle of about 50 degrees. 

The prineiples outlined above also apply to other types of milling 
eutters, sueh as straddle mills, end mills, and face and side milling 
eutters. These various kinds of eutters are obtainable on the market 
in the solid or inserted-tooth types. 

Aluminum alloys may be milled at relatively high speeds. The 
best eutting speed, feed, and eut for a job depends on sueh factors 
as the type and design of eutter, the kind of tool material used, the 
sturdiness of the milling maehine, its power, and its ability to hold 
the work seeurely. The speed at whieh metal ean be removed is 
limited mostly by the equipment, and extremely high speeds are 
possible under proper eonditions. These possibilities are diseussed 
in the seetion "Gutting Speeds and Feeds", on page 25. 

Speeds, feeds, and euts for milling aluminum alloys, applieable 
to average shop eonditions, are shown in Table 2, page 42, 

THREADING TOOLS 

Hand and maehine taps of the ground thread type will produee 
smooth aeeurate threads in aluminum when they have fiutes that 
are undereut to provide *'hook" to the leading edges. The flutes 
should be deep and wide to provide ehip elearanee; taps with small 
Autes are not very satisfactory beeause ehips may paek in the Autes 
and eause tap breakage or damage to the threads. 

Straight-Auted taps are satisfactory for many aluminum alloys, 
espeeially those of Types I and II (Table 1, page 41). Spiral-Auted 
taps like the one iilustrated in Figure 7 may be used for any of the 
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Figure 7 — Spiral-fluted tap. 



alloys; they are better than straight-Auted taps, espeeially for tap- 
ping sof t material. Spiral-fluted taps for eutting right-hand threads 
should have a right-hand spiral of about the same spiral angle as 
that used on an ordinary twist drill. 

Some taps have a short spiral ground on the front end like the 
one illustrated in the eenter of Figure 8. These are generally known 
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as spiral-pointed or "Gun*' taps. This type of tap euts aluminum 
alloys freely. Most of the eutting oeeurs at the end of the tap and 
the euttings eurl ahead of the tool. It is therefore suited only for 
operations where there is room for the euttings to be forced ahead 
of the tool, as in through holes or blind holes that are deep enough 
for the ehips to eolleet at the bottom. Taps of this type, however, 
are not suitable for eutting tapered threads or f or use as bottom taps. 

Thread ehasers for self-opening die heads and eollapsible taps 
should be ground with suitable rakes, elearanee and chamfer, as 
shown in Figure 9. The top rake angle should be in the higher 
range for maehining soft alloys and in the lower range for the 
harder ones. When seleeting this type of equipment, eonsideration 
should be given to the disposal of the euttings, as some tools offer 
mueh freer exit for euttings than others. Provision for lubrieation 
is also important. 

Excellent threads may be ehased on an engine lathe even in the 
softest aluminum, by using a single-pointed threading tool. The 

Pigure 8 — (A ) Standard tap; (B ) spiraUpointed serew thread tap; and 
(C ) pipe thread tap. (All with deep flutes, ) 
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Figure 9 — Chasers for selj-opening die heads. 



top and side rake should be in the lower range indieated above for 
lathe tools, and the tool should be properly ground to give the 
required thread eontour. This tool is fed into the wotk at an 
angle of 30 degrees, using the eompound feed. 

DRILLS 

The standard type twist drill perfornis satisfactorily on alumi- 
num but better results ean be obtained, espeeially when drilling 
soft materials, with drills having a larger spiral angle, that is, more 
twists per ineh. The inereased spiral gives more "hook" to the 
eutting edges and eauses the drill to eut more freely. It is also 
helpful in removing euttings in deep drilling operations. Both 
kinds of drills are illustrated in Pigure 10. 
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FIG. 10 — TWIST DRILLS: (A) Uouhle-flnted or standard twist drill, 24° 
spirai angle; (B ) speeial douhle-Auted twist drill, 47° spiral angle. 
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Twist drills similar to the standard drill but made with large, 
deeply eut Autes, with a polished finish, produee excellent results 
in maehining all aluminum alloys. Sueh drills are used to a eon- 
siderable extent for deep drilling, and, in the larger si2es, are 
proyided with holes through the length of the drill to permit forc- 
ing eutting eompound to the tip of the drill. These drills do not 
appear to be as strong as the ordinary twist drill, but less breakage 
is eneountered with them beeause they eut so freely and the euttings 
pass through the Autes so readily. 

Speeds for drilling aluminum may range up to 600 peripheral 
feet per minute. The use of a large number of revolutions per 
minute for twist drills eannot be over-emphasi2ed beeause the 
aetual eutting speeds in feet per minute are neeessarily low on 
most drilling equipment with the smaller sires of drills. For in- 
stanee, a i/^-inch drill operating at 6,000 rpm has a eutting speed 
of only 200 feet per minute. 

For hand feeding, a light feed is helpful, espeeially for small 
drills. For power feeds of various types of twist drills of high-speed 
steel, the feeds may be inereased with the diameter of the drill. 
A feed of 0.004 to 0.012 ineh per revolution may be used for drills 
up to %-inch diameter; 0.006 to 0.020 ineh per revolution for 
drills Ys to li/4-inch diameter; and 0.016 to 0.035 ineh per revolu- 
tion for drills over li^-ineh diameter. 

When the work revolves and the drill is stationary, as in a lathe, 
the straight-Auted drill will sometimes give better results than the 
spiral-Auted drill. 

The usual angle of about 59 degrees for the drill point, as sup- 
plied by drill manufacturers, is satisfactory for most jobs. The lip 
elearanee of 12 to 15 degrees may be inereased, partieularly when 
the feed is heavy or when drilling the softer alloys. It may be 
advantageous to thin the point of the drill in order to reduee the 
pressure required to feed it, and to prevent overheating and over- 
si2e drilling. 

Thin material is often drilled satisfactorily without the use of 
eutting eompound. A eopious quantity of eutting eompound, how- 
ever, should be applied to the drill when drilling deep holes, and 
it may be neeessary to withdraw the drill from the hole oeeasionally 
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FIG. 11— REAMERS: (A) Plain straight-fluted reamer; (B) spiral-fluted 
expansion reamer; (C) straight-fluted taper reamer; (D) spiral- 
fluted taper reamer. 
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to apply eutting eompound to the drill point and to dispose of 
the euttings. 

If drills break frequently, the trouble may be eaused by laek of 
rigidity in the maehine or work, an excessive feed, or insufficient 
lip elearanee. 

REAMERS 

Most of the dif¥erent types of reamers may be used for aluminum. 
The Autes may be straight, but spiral Autes frequently produee 
better results. (See Figure 11.) Flutes spiralled in the direetion of 
rotation of the tool eut freely but feed into the work too rapidly. 
Therefore, reamers with the spiral opposite to the direetion of 
rotation are generally preferred; this type euts more slowly but 
the operation ean be eontrolled better. In some instanees, speeial 
reamers made with the alternate teeth spiralled in opposite diree- 
tions have been found advantageous. The eutting edges of reamers 
should be finished by honing. 

Maehine reamers less than 2 inehes in diameter may be operated 
at eutting speeds up to 400 feet per minute for reaming straight 
holes. For tapered holes, speeds up to 300 feet per minute may be 
used. Holes that are to be reamed should always be slightly under- 
si2e so that the reamer has a definite eutting aetion. If the hole is 
too near the hnished si^e, an undesirable burnishing aetion may 
result. 

SAWS 

It should be emphasi^ed that the same prineiples whieh govern 
the shape of eutting tools for aluminum should be applied, as far 
as praetieal, to saws for aluminum. While this statement may seem 
obvious, experience with sawing equipment indieates that these 
prineiples are often overlooked. It is espeeially important to use 
comparatively eoarse teeth with curved gullets, whieh are free from 
sharp eorners, burred edges, and rough surfaces to whieh euttings 
may adhere. Glearanee, although neeessarily small, must neverthe- 
less be provided; otherwise, the sides of the teeth will drag and 
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generate heat. These prineiples ean, in general, be followed in 
eireular saws but their applieation may be limited in the seleetion 
of band saws. 

Gireular saws with broad teeth are extensively used for alumi- 
num. The teeth are broadened by swaging so that they eut wide 
enough to provide elearanee for the saw blade in the saw eut. This 
type of tooth, however, does not provide satisfactory elearanee for 
the tip of the tooth itself. Henee the sides of the teeth rub in the 
saw eut and generate heat. This type of saw blade is used largely 
for cut-off operations where the euts are short and intermittent; 
for longer euts it may be neeessary to apply eonsiderable eutting 
eompound to keep the blade from overheating. 

Gireular saws with ehip breaker teeth are better than the broad 
tooth type. This type of saw, illustrated in Figure 12, has teeth so 
proiiled that one euts deep and the next one euts wide. Another 
preferred type of saw blade has alternate side rake teeth. The teeth 
are alternateiy arranged so that one euts on one side and the next 
one on the opposite side of the saw eut. (See Pigure 13.) These 
teeth should have a side rake of about 15 degrees. 

For these types of blades, the top rake, or "hook" may vary up 
to about 45 degrees. When employing sueh a large rake angle, a 
tooth with a rather small ineluded eutting angle results. While 
sueh teeth do not appear to be very strong, experience indieates 
that, with other eonditions eorreet, the teeth will perform longer 
without resharpening than when a small rake angle is employed. 
Obviously, with the use of a large rake angle, the sawing maehine 
must be sturdy and free from vibration, and the work must be 
seeurely elamped and fed with a positive feeding device. Where it 
is desired to feed the work by hand, the saw teeth should have little, 
if any, top rake; otherwise, the saw will enter the work too rapidly. 
Saw teeth for aluminum, however should never have a negative 
rake. 

Gireular saws are generally made of semi-high-speed steel or high- 
speed steel, or with teeth tipped with eemented earbide. They may 
be operated at peripheral speeds of 10,000 to 15,000 feet per minute. 
Speeds in the higher range apply to the earbide tipped saws. These 
saws produee excellent results on aluminum and they are finding 
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wide use, espeeially in large eireular saws used for eutting heavy 
seetions. 

Band saws of the high-speed, metal-eutting type perform satis- 
factorily on aluminum. For light work, however, heavy-duty wood- 
working band saws may be used. Gutting speeds range frdm 2,000 
to 5,000 feet per minute, but higher speeds have been satisfactorily 
attained. When using high sawing speeds it is, of eourse, important 
to have a maehine that is free from vibration in order to minimi^e 
fatigue failure of the blade or teeth. 

Generally, for light work, band saw blades made of spring 
tempered steel are used beeause the blades ean be resharpened. For 
heavy work, the flexible baek type of saw blade with hard teeth is 
preferred. Band saws should have relatively eoarse teeth, about 8 
teeth per ineh, although this may vary, depending on the sawing 
eonditions. A comparatively fine feed should generally be used to 
avoid large euttings. The feed, however, will depend on the kind of 
work being done, espeeially the si^e, thiekness or shape of the 
material sawed. 

For eireular or band saws, a eutting lubrieant or eoolant is 
neeessary for most operations, espeeially for heavy seetions. Soluble 
oil eutting eompounds have been found satisfactory and ordinary 
mineral base lubrieating oils may also be used, fed to the sides 
of the saw blade. An oeeasional applieation of paraAin wax or 
heavy grease will provide ample lubrieation for some work. The 
life of band saws, in some instanees, has been prolonged eonsider- 
ably by providing a slotted bloek through whieh the saw blade 
passes. This is arranged with a serew-operated grease gun to feed 
ordinary eup grease into the bloek so that the blade is eontinually 
passing through the supply of grease, whieh is supplied by an 
oeeasional turn of the gun's feed-screw. 

Haek saw blades of the wavy-set type are well suited for eutting 
aluminum by hand. 

ABRASIYE CUT-OFF WHEELS 

The use of rubber-bonded abrasive cut-off wheels is a reeent 
development whieh has been suggested for aluminum easting 

[22] 



FIG, 14 — FILES: (A) Deeply ent, eoarse toothfile; (B) long-angle lathe file. 
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alloys, and is already being used successfully for eutting heavy 
forging stoek of the high silieon alloy 32S. The wheels tend to load 
when used to eut the soiter wrought alioys sueh as A51S. Smooth, 
aeeurate euts ean be produeed quickly and eheaply with these 
rubber-bonded wheels. They operate at speeds of 9,000 to 13,000 
surface feet per minute and should be used with a voluminous 
suppiy of eutting fluid, preferably a water soluble oil at a dilution 
of about 1:80. 

FILES 

An excellent general purpose file for aluminum is shown in 
Pigure 14A. It has eoarse, deeply eut, curved teeth. Its piteh of 
about 10 teeth per ineh affords good elearanee for the Alings; henee, 
no diOieulty is experienced with loading of the teeth. This file 
removes metai rapidiy and also produees a smooth surface. Beeause 
of the eoarse teeth, it eannot be used for fiiing small surfaces. Files 
simiiar to "A," but with the teeth notehed to break up the euttings, 
remove metai even more rapidly, but they do not produee quite so 
smooth a finish. Gertain other modifications of this fiie, with doubie- 
eut teeth (more iike those of a rasp), have been found unsatisfactory, 
in that they eut poorly and produee a rough surface. 

The long-angle lathe fiie, illustrated in Figure 14B, is excellent 
for finish-filing aluminum. It has finer teeth than those of fiie "A," 
whieh reduee the tendeney to **run off." Fiies of this type may have 
a piteh of 14 to 20 teeth per ineh, and the teeth should be eut to a 
side rake angle of about 45 to 55 degrees. The side rake angie pro- 
vides a more efficient eutting aetion by produeing a siieing motion. 
Beeause of the iarge angie of the teeth, the direetion of motion of 
the fiie is effective in driving the euttings from the teeth. 

Files with singie-eut, fine teeth do not work weii on aluminum, 
beeause the euttings stiek in the teeth. Those with doubie-eut teeth, 
whether fine or eoarse, are no better on soft materials but perform 
fairly well on the harder materiais. Ordinary files with single-eut, 
eoarse teeth, however, may be made to perform nearly as weii as 
the long-angle lathe fiie, by employing a side sweep motion instead 
of one in the direetion of the iength of the fiie. Files with eoarse 
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or medium-eoarse teeth, single eut, are better if used with oil. Ghalk 
rubbed over the teeth also helps to prevent loading. 

Where rifflers are used, they should have eoarse teeth. Rotary 
files and burrs should be spiral-eut. Sanding drums of different si2es 
with sleeves of various grits are often used for speeial work. 

eUTTING SPEEDS AND FEEDS 

Wide ranges of eutting speeds and feeds may be used in maehin- 
ing aluminum and its alloys. The partieular values for speed and 
feed are usually dependent on the eharaeter of the work, the type 
of tool, the lubrieant, and the maehine on whieh the work is done. 
The rate at whieh metal ean be removed is limited mostly by the 
maehine tooi and aluminum ean usually be maehined to best 
advantage by using the highest speed at whieh the equipment is 
eapable of operating, with moderate feeds and euts. General infor- 
mation on speeds, feeds, and euts applieable to average shop eon- 
ditions will be found in Table 2, page 42, where a maximum eutting 
speed of about 1,000 peripheral feet per minute is indieated. On 
page 21, however, eutting speeds up to 15,000 feet per minute are 
suggested for sawing, and aeeording to reeent experiences, eutting 
speeds in the neighborhood of 8,000 feet per minute are eommon on 
maehine tools that are designed espeeially for sueh operations as 
milling and routing. 

For high speeds, the maehine tool must have a heavy, sturdy eon- 
struetion and be balaneed to operate smoothly at the speeds in- 
volved. It is also important to have mueh more power than is 
available in the average maehine tool. For face milling eutters, 4 to 
6 inehes in diameter, it is not uneommon to use a 20 horsepower 
motor. Under some eonditions, a 40 horsepower motor may be 
required to drive the eutter. 

The feed and depth of eut must be so reiated to the eutter speed 
and number of teeth that eaeh blade takes a definite bite. Eaeh blade 
should advance into the work at least 0.003 ineh. If the eut per blade 
is too light, the effect may be to burnish the work and generate heat. 
In some instanees, an advance per eutter blade up to about 0.015 
ineh has been used. The depth and width of eut may be large and the 
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feed may be many times faster than is possible in the ordinary 
milling maehine. Feeds as high as 20 feet (240 inehes) per minute 
have been achieved. 

Milling eutters should have fewer eutter blades or teeth than is 
eustomary for ordinary milling praetiee. In some instanees, two 
blades have been found satisfactory for a 6-inch diameter eutter. 
The rake angles of the eutting tools will eorrespond approximately 
to those indieated for general maehine shop praetiee with a ten- 
deney towards the small end of the angle range in order to give 
sturdy teeth. Glearanees may be slightly less, or about 5 to 7 degrees. 
The eutting edges should be keen and smoothly finished. Extra time 
in polishing the surfaces is well spent. High-earbon steel, high- 
speed tool steel, and the eemented-earbide type tools have all been 
used successfully. In some instanees, the plain high-earbon steel 
tools, when properly finished, have been found superior to the 
other types. 

A eoolant is generally neeessary; soluble oil is most used, mixed 
with a larger proportion of water than is eustomary for ordinary 
maehining praetiee. The liquid must be supplied in a large volume, 
so that the work is praetieally submerged. Sometimes the eoolant 
is introdueed with a stream of eompressed air. On the other hand, 
some operations have been aeeomplished successfully without a 
eoolant, using a stream of eompressed air to eool and blow away 
the ehips. Indieations are that with proper finish of the tool, suit- 
able rake angles, and the eorreet amount of eut taken with eaeh 
blade, the ehip is parted from the metal so rapidly that most of the 
heat generated is eoneentrated in the ehip, whieh is thrown from 
the maehine fast enough to prevent any serious heating of the tool 
or the work. Removal of the large volume of hot ehips is a problem 
that may require speeial handling methods. 

eUTTING eOMPOUNDS 

The free-cutting aluminum alloys (Type I, Table 1) are fre- 
quently maehined without a eutting eompound, espeeially for 
roughing operations. When heavy euts and feeds produee excessive 
heat, however, a eutting eompound should be used, and of ten the 
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type of eompound that is essentially a eoolant will be satisfactory. 
For this purpose, soda water or soluble oil is generally employed, 
and, in some instanees, it may be desirable to add a small amount 
of lard oil or kerosene. This type of eompound is widely used for 
milling, drilling, and sawing operations. 

Where the eutting eompound must have more deiinite lubrieat- 
ing eharaeteristies, the following are suggested: 

1. There are a number of ready-mixed eutting lubrieants in- 
tended for use as supplied by the produeer. Most of these, 
however, are generally blended by the user with a low 
viscosity mineral oil and the blend may be varied to suit 
different maehining operations. 

2. A satisfactory eutting lubrieant may be prepared using 
mineral oil with the addition of 5 to 10 per eent fatty oil 
sueh as lard oil. This is widely used for automatie serew 
maehine work. 

3. Another excellent lubrieant eonsists of equal parts of kero- 
sene and lard oil, but the proportions may be varied over a 
wide range for different operations. 

With heavy euts and slow feeds, sueh as for roughing or tapping 
operations, the eutting lubrieant should be of high viscosity. 

GRINDING 

The free-cutting aluminum alloys may be ground, polished, or 
buffed readily. Experience with aluminum indieates that good 
results are obtained with eommereial silieon-earbide grinding 
wheels sueh as Grystolon, Garborundum, and Natalon. However, 
the advice of the supplier should be obtained in seleeting the 
proper grade of eaeh eommereial make of wheel. 

Onee a grinding wheel has been seleeted, there are three variables 
whieh affect the quality of a iinish, namely, wheel speed, work 
speed, and grinding eompound. Wheel speeds of about 6,000 feet 
per minute have given good results, but both wheel and work 
speeds ean best be set by the experienced operator aeeording to his 
own good judgment. A solution of soluble eutting oil and water 
works well as a grinding eompound. It is important that the fine 
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grindings of aluminum be strained from the eompound before 
re-using, in order to prevent deep seratehes on the iinished surface. 

The soft alloys eause the grinding wheel to elog and require 
generous use of a grease stiek. Purthermore, speeial eare may be 
required in grinding eastings and wrought alloy produets that 
have been heat treated. Their greater resistanee to eutting generates 
a eonsiderable amount of heat whieh, in turn, may eause warping 
and render the maintenanee of dimensions difficult. 

Good grinding results are usually obtained when the proeedures 
indieated in Table 3, page 43, are employed. 

PINISHES 

Smooth, finished surfaces may be produeed on aluminum and 
most of its alloys by maehining. Brightly polished surfaces may 
be produeed by buffing. Other effective meehanieal finishes inelude 
sandblasting, seratehbrushing, and hammering. Aluminum may 
also be finished by the use of ehemieal solutions and by eleetro- 
ehemieal proeesses. Alrok-*^ is a well-known protective finish of 
the former type and Alumilite''' is a popular eleetroehemieal or 
anodie finish. With the latter type of finish, aluminum may be 
attractively eolored. 

Paint, lacquer and enamel also are applieable to aluminum. For 
more eomplete iniormation on the subject of finishing see the 
booklet, 'Tinishes for Aluminum," available on request. 

SOME SPEGIAL C H AR ACTE RISTIGS OF ALUMINUM 

1. Weight — Aluminum weighs only about one-third as mueh as 
steel; henee, rather large eastings and forgings ean be handled with- 
out the use of speeial handling equipment. Owing to its light 
weight, inertia forces are less in maehining operations in whieh 
the work moves. 

2. Thermal Expansioii of Aluminum — Aluminum alloys have 
higher coefficients of expansion than many other eommereial 

*Patented Proeess. 
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metals. Therefore, warping and distortion may oeeur if a east or 
forged part is excessively overheated during maehining. For preeisG 
work, when appreeiable heating does oeeur, the work should be 
eooled before it is finished to size and ealipered so that the required 
final dimensions may be obtained. 

Overheating may arise from the use of improperly designed or 
duU tools, from failure to use a lubrieant where indieated, or from 
the use of heavy feeds or euts. 

Distortion also is sometimes eaused by improperly elamping the 
work in the maehine. 

3. Pinish Allowanee — If sand eastings are to be maehined, allow 
sufficient stoek for hnishing. Little or no maehine hnishing is re- 
quired for permanent mold eastings, forgings, or other wrought 
produets. 

4. Value of Cuttings — Beeause of the value of aluminum euttings 
and serap material, they should be proteeted from eontamination. 
When a premium is paid for eontrolled purity or eomposition of 
serap, the euttings from different alloys should be segregated. 

5. Chip eiearanee — Provide ample room for ehip elearanee. 

6. Holding Work Rigidly — In utili^ing the high speeds reeom- 
mended for maehining aluminum, the work must be held rigidly 
and maintained free from vibration. 

7. Poreign Inelusions — The presenee of foreign inelusions in 
eastings may seriously reduee tool life. 
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2 

/liiiameUie Sc/ie44A MacJtine Pn^udiee 

TOOL MATERIALS 

THE same tool materials that are used for general maehining, as 
indieated in Part I, are used for automatie serew maehine tools. 
Some form of high-speed steel is most generally used. However, 
plain high-earbon steel may be more eeonomieal for fragile tools, 
sueh as small drills and taps, and for tools operated at low eutting 
speeds. Gemented earbide tools have proved eeonomieal for many 
serew maehine operations, partieularly where high speeds prevaiL 
Substantial inerease in tool life between grinds is usually obtained. 
However, operating eonditions must be suitable for sueh tools, as 
laek of rigidity and interrupted euts may eause unsatisfactory 
results. 

STOGK FOR AUTOMATie SCREW MAGHINE WORK 

The four alloys of Aleoa Aluminum most eommonly used for 
serew maehine stoek are 11S-T3, ITS-T, 24S-T, and 53S-T. Aleoa 
11S-T3 is a free maehining alloy developed espeeially for use in 
automatie serew maehines; it produees an excellent iinish when 
maehined with tools having little or no top rake, and the ehips are 
fine and broken. Aleoa 1 7S-T and 24S-T alloys have properties whieh 
reeommend them as general purpose materials and are widely used. 
The disposal of the relatively long ehips from these alloys is some- 
times a problem, but by the proper eombination of feeds, speeds, 
and tooling, the ehips may be materially redueed in size. Aleoa 
53S-T alloy is speeilied when the produet is subject to eonditions 
requiring the superior eorrosion resistanee of this alloy. The ehips 
from this alloy are usually long and stringy, and more diHieult to 
break up. 
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FIG. 1 5 — AUTOMATie SGREW MAGHINE DRILLS: (A ) Standard drill; 

(B) straight-fluted drill; (C) drill with large ehip elearanee. 



ALUMINUM eOMPANY OF AMERIGA 



DRILLS 

Standard twist drills are generally satisfactory for drilling holes 
to a depth of 5 to 6 diameters in aluminum alloys. For drilling 
deeper holes, speeial drills, sueh as straight-Auted drills or those 
whieh are used to drill phenolie resins, may be more satisfactory. 
These drills are shown in Figure 15. High-spiral drills with a spiral 
angle of 47 degrees are often used in drill presses or for other see- 
ondary operations on deep holes. (Page 16.) All drills used for 
aluminum should have narrow lands and large, smooth, highly 
polished Autes to allow the ehips to pass out readily. Drills are 
generally ground with an ineluded lip angle of 118 degrees and a 
elearanee angle of 12 to 20 degrees. In some eases, it is desirable to 
use a greater ineluded angle to produee a narrow ehip whieh will 
pass up the Autes more readily. For straight-Auted driils, the elear- 
anee angle should be 20 degrees or slightly more. As in the ease 
of other metals, it is often desirable to thin the drill web, partieu- 
larly as the drill is ground baek. 

In drilling very deep holes, it is neeessary either to use more than 
one drill, or to puU out the drill a sufficient number of times. The 
drill should be entirely withdrawn f rom the hole to permit removal 
of the ehips and to allow the eutting eompound to flow on the drill 
point. Safe working limits for drill depth are as follows: 

First entranee: 4 diameters 

Seeond entranee: 2 diameters 

Third entranee: 1 diameter 

Subsequent entranees: Yi to 1 diameter 
In some eases, these limits may be exceeded, depending on the type 
of drill, its si2e, the feed, and the ease with whieh the eutting 
eompound ean enter the hole. As the eutting eompound eannot 
penetrate readily to the bottom of a deep hole, the feed of the drill 
should be somewhat less than for shaliow depths. 

FORM AND CUT.OFF TOOLS 

For maehining 11S-T3, a top rake of from 0 to 3 degrees usuaily 
produees the best results and breaks up the ehips satisfactorily. For 
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maehining 17S-T and 24S-T, a top rake of from 5 to 15 degrees is 
generally neeessary to produee a free eutting tooL For the softer 
alloys, a greater rake angle is desirable. This is sometimes obtainable 
by grinding a groove in the tool parallel to the eutting edge. Form 
tools are usually made with a one-half degree side elearanee to aid in 
seeuring a smooth finish on the side of Aanges and grooves. In serew^ 
maehine praetiee, front elear- 
anee angles are determined by 
the design of the maehine and 
tool holder, rather than the 
material being maehined. The 
angles used in eommon serew 
maehine praetiee are satisfac- 
tory for all aluminum alloys. 

Figures 16 and 17 show the 
relation of the tools to the 
work. 

It is frequently possible to 
break up ehips from alumi- 
num alloys with various types 
of ehip breakers. If this prae- 
tiee is objectionable, they may 
sometimes be broken up by 
notehing the eam. In sueh 
eases, the eam should be de- 
signed so that, after the tool 
drops baek into the noteh, it 
starts forward again at the 
same eutting f eed bef ore aetual 
eutting is resumed. If this is 
not done, the tool will tend to 
dive into the work. 

Every material has a limit 
beyond whieh it is not praeti- 
eal to form with a side form 
tool without support, beeause 
the side pressure beeomes so 




Pigure 16 — dreular Jorm tool 
for llS-Ti alloy. 




Figure 17 — Dovetail form tool 
for US-T3 alloy. 
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great that the part being formed will spring or twist ofF. This limit 
is usually expressed as a ratio of the f orm length to the smallest form 
diameter. This ratio is 214 for 11S-T3 and 53S-T, and 21/2 for 17S-T 
and 24S-T. 

A front angle of 22 degrees on a cutoff tool will generally reduee 
the cutofT burr to a minimum. In some eases where springing of a 
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Figure 18 — Box tool for maehining Aleoa 11S-T3 alloy. 




Figure 19 — Box toolJor maehining Aleoa 17S-T and 24S-T alloys. 
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straight cutoff tool is eneountered, this spring may be minimiied 
by redueing the front angle to approximately 15 degrees. 

BOX TOOLS 

When maehining aluminum with box tools, even when taking a 
heavy eut, smooth finishes and aeeurate toleranees are obtained — 
roughing euts, then, are neeessary only when a large amount of 
metal must be removed. In those eases where a roughing eut is 
neeessary, a substantial amount is left for the hnishing eut. 

Box tool holders are designed so that the tool is usually set with 
a elearanee angle of 8 degrees. This means that the seetion of the 
tool bearing on the turned diameter should be ground on an angie 
equal to this elearanee angle as shown in Pigure 18. This results in 
an ineluded eutting angle of 82 degrees. When the tool is set, the 
bottom edge of the tool should be parallel to the axis of the work. 
The eutting edge may be ground square with the tool shank, or with 
a slight angle, depending upon whether a square shoulder is neees- 
sary on the work. Sueh a tool produees a smooth finish and well 
broken up ehips when maehining 11S-T3 alloy. 

Figure 19 shows a box tool ground for eutting 17S-T and 24S-T 
alloy. The addition of a hook or groove is the only variation from 
the tool used for 11S-T3 alloy. This groove provides more rake to 
the eutting edge, produeing a freer eutting tool. The groove also 
forms the ehips into a helieal eoil and guides them out of the holder 
and away from the work. If a long eoiled ehip is objectionable, 
the groove may be converted into a ehip breaker by redueing its 
width and depth as shown in Figure 20. 

THREADING TOOLS 

Taps having a smooth finish are highly desirable in maehining 
aluminum. Therefore, the ground thread type is preferred. Straight- 
Auted taps are most generally used in automatie serew maehines. 
When ehips remaining in the tapped hole are a problem, it may be 
advisable to use spiral-Auted taps. All Autes should be large and 
smoothly finished to allow the ehips to pass out readily. Flutes 



[35] 



ALUMINUM eOMPANY OF AMERIGA 



should be shaped so as to provide a positive rake angle at the eut- 
ting edge. Lands should be relatively narrow to hold friction to a 
minimum. No eeeentrie relief is neeessary if width of lands is not 
excessive. 




Figure 20 — Three types of box tool bits: (A ) for maehining Aleoa 11S'T3 alloy; 

(B )/or Aleoa llS-T and 24S-T alloys; (C ) tool with ehip breaker 
groope. 



Taps having two Autes are usually preferable up to %-inch 
diameter. For larger si^es, the number of flutes, as reeommended by 
the manufacturer, has been found generally satisfactory. In most 
eases, a chamfer angle of approximateIy 20 degrees gives good 
results. For tapping to within II/2 threads of a shoulder, a chamfer 
angle of 35 degrees is required. The chamfer elearanee angle should 
be 4 to 5 degrees. For tapping the softer alloys, inereased rake angle 
may be neeessary at the eutting edge. In all eases, eare should be 
taken to remove all grinding burrs and feathery edges. 

Ghasers for maehining aluminum should also have an excellent 
iinish. For I1S-T3, 17S-T, and 24S-T a straight hook of from 10 to 
15 degrees will usually produee good threads. (See Figure 21.) For 
53S-T, a greater angle may be advantageous. A chamfer angle of 
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Ptgure 21 — ehasers Jor self-op€ning die heads. 



approximately 20 degrees is generally used. When threading to 
within \V2 threads of a shoulder, it is neeessary to use a chamfer 
angle of 35 degrees. A elearanee angle on the chamfer of from 6 to 
7 degrees is desirable. A spiral angle ground into the front of the 
ehasers, similar to the top rake on spiral-pointed taps, as shown in 
Pigure 9, will force ehips ahead of the tool and minimi^e loading of 
the die head with ehips. In all eases, it is desirable to remove grinding 
burrs and feathery edges from the ehasers to produee best results. 

When ordering taps or ehasers, it is advisable to specify that they 
are to be used on aluminum. 

CHIP BREAKERS 

ehip breakers are sometimes ground into tools for maehining 
serew maehine alloys, other than 11S-T3. Two main types of ehip 
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breakers are used, the step and the groove types. The step type is 
produeed by grinding a step in the tool, so that the ehip slides over 
the eutting edge and hits against the shoulder. This tends to eoil 
and break the ehip. The groove type eonsists of a groove ground 
slightly baek of the eutting edge whieh also tends to eoil and break 
the ehip. The exact shape of the groove is not eritieal, but the ehip 
breaker should be shallow and narrow to bend the ehip before it 
would normally tend to eoil. If this is not done, the ehip wiU not 
break and long eoils will result. Figures 22 and 23 illustrate these 
types of ehip breakers as applied to form tools. 

SURFACE SPEED OF STOGK 

The lighter weight of aluminum, about one-third that of other 
metals, is an advantage when using high spindle speeds. Its lower 
inertia eauses less wear on the spindles, belts, and motors, espeeially 
when quick ehanges in speed are involved. 




Pigure 22 — dreular form tool with step-type ehip breaker. 
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Pigure 2 3 — Form tool with grooue-type ehip breaker. 



Aluminum alloys ean usually be maehined using the maximum 
spindle speed available in all standard types of automatie serew 
maehines for turning, drilling, forming and eutting off. They have 
been maehined in excess of 1,000 stoek surface speed per minute, 
when using eemented earbide tipped tools with no indieation that 
sueh speed is excessive. How mueh this ean be exceeded has not 
been determined. 

For threading and tapping operations, eaeh type of maehine has 
a suitable speed, whieh is eonsidered good praetiee for maehining 
aluminum, as well as other metals. This speed is usually not more 
than one-third of that used for other operations. 

TOOL FEEDS 

Tool feeds vary with eutting eonditions as well as with require- 
ments of toleranee and finish. Overlapping operations and the eon- 
dition of the maehine may require lower feeds than normal. The 
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feeds shown in Table 4, therefore, are only approximate and must 
be altered to meet eaeh situation. Generally, feeds approximately 
15 per eent higher than those given in Table 4 for aluminum alloys 
may be used for 11S-T3. 

eUTTING eOMPOUNDS 

Generally, eutting eompounds whieh are used for other metals 
are suitable for Aleoa Aluminum alloys. There are a number of 
good eommereial eutting oils prepared espeeially for maehining 
aluminum whieh gives satisfactory results. Usually a light mineral 
oil with about five per eent of fatty additions with a viscosity of 56 
Saybolt seeonds at 100°F. is used. It is desirable to have a flash point 
of over 260°F. As with all metals, it is essential that an ample sup- 
ply of eutting oil be provided. A large volume Aowing over the 
tools is more desirable than a high pressure stream. 
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TABLE 1-COMMERCIAL ALUMINUM ALLOYS 



Type* 


Aleoa 


eOMPOSITION (per eent) 


Alloy 


Cu ( Fe or Mn | Si | Mg | 


Other 



Non-Heat-Treated Gasting Alloys 



173 
C113 

645 
B113 

112 

216 
A214 

109 
12 

214 

212 
B214 

172 
A108 

108 

356 
43 



7 


0 






7 


5 


1 


2 Fe 


2 


5 


1 


5 Fe 


7 


5 


1 


2 Fe 


7 


5 


1 


2 Fe 



12.0 

8.0 

8.0 

7^8 
4.5 
4.0 



1.0 Fe 



4 


0 






1 


5 










6 


0 






3 


8 






3 


8 


1 


2 






1 


8 


3 


8 


2 


5 






5 


5 






3 


0 






7 


0 


0 


3 


5 


0 







2.0 Sn 
2.0 Zn 
1 1 . 0 Zn 



2 .0 Zn 
2 .0 Zn 



Heat-Treated Gasting Alloys (a) 



I 




220(b) 
122 












10 


0 






10 


0 


1 


2 Fe 






0 


2 






II 




D195 
142 


5 


5 






0 


7 












4 


0 










1 


5 


2 


0 Ni 






195 
B195 

355 
A355 


4 


0 






















4 


5 




3 


0 








III 




1 


3 




5 


0 


0 


5 






1 


4 


0 


8 Mn 


5 


0 


0 


5 


0 


8 Ni 






356 
A132 










7 


0 


0 


3 






(c) 




0 


8 


0 


8 Fe 


12 


0 


1 


0 


2 


5 Ni 



Heat-Treated Wrought Alloys (a) 



I 


llS(d) 


5 


5 














n 


17S(d) 


4 


0 


0 


5 Mn 






0 


5 




24S(d) 


4 


4 


0 


5 Mn 






1 


5 




25S 


4 


5 


0 


8 Mn 


0 


8 








70S 


1 


0 


0 


7 Mn 






0 


4 




18S 


4 


0 










0 


5 




14S 


4 


4 


0 


8 Mn 


0 


8 


0 


4 


III 


61S 


0 


25 






0 


6 


1 


0 




53S(d) 










0 


7 


1 


3 




A51S 










1 


0 


0 


6 


(c) 


32S 


0 


8 






12 


0 


1 


0 



0.5Pb+0.5Bi 



10 .0 Zn 
2 .0 Ni 



0.25 Cr 
0 .25 Cr 
0 . 25 Cr 
0 .8 Ni 



Non-Heat-Treated Wrought Alloys 



II 


56S 




0 . 1 Mn 1 


5.2 


0.1 Cr 


III 


52S 






2.5 


0.25 Cr 




3S 




1 . 2 Mn 







* Indieates relative maehinability. Type I alloys have best maehining eharaeteristies. 
(a) Heat treated as usually sold, namely a solution treatment foUowed by aging at 

room or elevated temperature. 
(b) Alloy 220 is not aged. 

(c) AUoy euts freely, but wear on tools raay be exces8ive unless they are tipped with 

eemented earbide. 
(d) Used on automatie serew maehines. 
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TABLE 4-.APPROXIMATE FEEDS FOR MAGHINING 
AieOA ALUMINUM ALLOYS 



Tool 


Cut 

Width or Depth 
Ineh 


Diameter 
of Hole 
Ineh 


Feed per 
Revolution 
Ineh 


BOX TOOLS 


% 




0.012 
0.010 
0.008 
0.008 
0.006 


GENTER DRILLS 




Under 3^ 
and over 


0.004 
0.008 


CUT-OFF TOOLS 
Gireular 

Straight 


Ht~-H 




0.003 
0.0035 
0.004 
0 003 


DRILLS 




% 

y^, 

/16 

ys 

}/2 and over 


0.004 
0.006 
0.009 
0.011 
0.013 
0 014 
0.015 
0.016 


FORM TOOLS 


Ys-H 
I 




0.002 —0.004 
0.0015—0.0035 
0.0015—0 003 
0.001 —0 0025 


REAMERS 


0.004 — 0.008 
0.009 — 0.012 


Under }i 
and over 


0.007—0.010 
0.010 



TABLE 5-PHYSICAL PROPERTIES 



Alloy 


Specific 
Gravity 


Weight, 
pounds per 
eubie ineh 


Eleetrieal 
Conductivity, 
Per Cent of 
I. A. C. S. 


Thermal 
Conductivity 

at lOO'' C. 
e.G.S. Units 


17S-T 


2.79 


0.101 


30 


0.28 


24S-T 


2.77 


0.100 


30 


0.28 


11S-T3 


2.82 


0.102 


40 


0.37 


53S-T 


2.69 


0.097 


40 


0.37 



TABLE 6-TYPICAL MECHANiCAL PROPERTIES' 



AUoy 


Yield 
Strength2 
(Set 0.2%) 
lb./sq. in. 


Ultimate 
Strength 
lb./sq. in. 


Elongation 

per eent 
in 2 inehes 


Brinell 
500 Kg. 
10 mm. 
ball 


Shearing 
Strength-i 
lb./sq. in. 


17S-T 


40,000 


62,000 


22 


100 


36.000 


24S-T 


45,000 


68,000 


22 


105 


41,000 


11S-T3 


42,000 


49,000 


14 


95 


30,000 


53S-T 


33,000 


39,000 


20 


80 


24,000 



1 Young's modulus of elastieity is approximately 10,300,000 pounds per square ineh 
for aluminum alloys. 

* Stress whieh produees a permanent set of 0.2 per eent of the initial gauge length. 
(Ameriean Soeiety for Testing Materials Specification for Methods of Tension 
Testing, E 8-36.) 

* Single-shear strength va!ues obtained from double-shear tests. 
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TABLE 7-COMPARATIVE WEIGHTS OF 
STANDARD SIZES OF SGREW MAGHINE STOGKi 



11S-T3 and 17S-T ALLOYS^ 



Diameter or Distanee 
Aeross Flats — Inehes 



.125 
.141 
.156 

.172 
.188 
.203 

.219 
.234 
.250 
.266 

.281 
.297 
.313 
.344 

.375 
.406 
.438 

.469 
.500 
.531 

.563 
.594 

.625 

.656 
.688 
.750 

.781 
.813 
.875 

.906 
.938 
1.000 
1.063 



Standard 
Pinish 



Drawn 



Cold 
Pinished 



Weight 
Lb. per Ft.> 



Hexagonal Round 



0.0372 



0.0506 
0.0581 
0.0658 



0.103 
0.125 

0.149 
0.203 



0.264 



0.335 
0.414 



0.501 
0.595 



0.700 
0.811 



0.930 

1.06 

1.20 



0.0149 
0.0190 
0.0233 

0.0283 
0.0336 
0.0396 

0 0461 

0.0600 
0.0680 

0.0758 
0.0847 
0.0934 
0.113 



135 
158 
184 

211 

240 
271 



0.304 
0.338 
0.375 

0.413 
0.454 
0.540 



563 
633 
735 

788 
844 
961 
08 



BRASS AND STEEL 
(Round Wire and Rod) 



Weight 
Lb. per Ft. 



0.045 



0.102 



0.181 



0.283 



0.407 
0.555 



0.724 



0.917 
1.132 



1.369 
1.630 



1.913 
2.218 



2.546 
2.897 
3.271 
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TABLE 7^COMPARATIVE WEIGHTS OF 
STANDARD SIZES OF SCREW MACHINE STOCK'-Coiitinued 



11S-T3 and 17S-T ALLOYS 2 



BRASS AND STEEL 
(Round Wire and Rod) 



Diameter or Distanee 
Aeross Flats — Inehes 



Kraetion 


Deeimal 


iH 


1 


125 


1 5/ 


1 


156 


1 3/ 


1 


188 


iH 


1 


250 


1 5>/ 


1 


313 


1 ^ / 


1 


375 


1% 


1 


438 


1 1/ 


1 


500 




1 


563 


\% 


1 


625 


l'He 


1 


688 


IM 


1 


750 


1% 


1 


813 




1 


875 




1 


938 


2 


2 


000 


2H6 


2 


063 




2 


125 


2^6 


2 


188 


2M 


2 


250 




£ 






2 


375 


2% 


2 


438 




2 


500 


2»/f6 


2 


563 


25i 


2 


625 


2>K« 


2 


688 


2H 


2 


750 


2H 


2 


875 


3 


3 


000 




3 


063 




3 


125 


3H 


3 


250 



Standard 
Kinish 



Weight 
Lb. per Ft.' 



Weight 
Lb. per Ft. 



Hexagonal Round 



Brass 



Cold 
Kinished 



Rolled 



34 

49 

65 
82 
00 

18 

38 

58 
80 



1.22 
1.28 
1.35 

1.50 
1.66 
1.81 



3.667 



99 
16 

34 
54 
74 

98 
15 

37 



3.60 
3.84 
4.09 

4.34 
4.59 
4.86 

5.13 
5.41 
5.70 

6.00 
6.30 
6.62 

6.66 
7.26 
7.94 

8.64 
9.00 
9.37 
10.2 



13.08 
14 "67 

16.34 

18.11 
19*96 



21.91 
23.95 

26.07 



30.66 



4 


085 


3 


766 


4 


527 


4 


172 


4 


991 


4 


600 


5 


477 


5 


049 


5 


987 


5 


518 


6 


519 


6 


008 


7 


073 


6 


519 


7 


650 


7 


051 


8 


250 


7 


604 


8 


873 


8 


178 


9 


518 


8 


773 


10 


19 


9 


388 


10 


88 


10 


02 


11 


59 


10 


68 



' Aluminum AHoy Serew Maehine Stoek is available in standard 12-foot lengths and 

in the finishes as listed above. 
' For weight of 17S-T, multiply by 0.99. For weight of 2S, multiply by 0.96. 
5 Hexagonal stoek is available only in the sizes for whieh weights are given. 
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TABLE 8-TOLERANCES 



Diameter or 
Distanee Between 
Parallel Faces 
Inehes 


Toleranee 
(Plus or Minus) 
Inehes 


Round 


Hexagonal 


to inel. 


0.0015 






0.002 


over ]/2 to 1, inel. 


0.002 






0.0025 


over 1 to 13^, inel. 


0.0025 






0 003 


over to 2, inel. 


0.008 






0.016 


over 2 to 3, inel. 


0.008 









This bookis due on the lastdate stamped 
below. Fines will be eharged on all 
overdue books. 
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AKRON, 0 506 Akron Savings & Loan Building 

ALBANY, N. Y 90 State Street 

ATLANTA, GA 1818 Rhodes-Haverty Building 

BOSTON, MASS 20 Providence Street, Park Square 

BUFFALO, N. Y 1880 Elmw^ood Avenue 

CHARLOTTE, N. C 619 Johnston Building 

CHICAGO, ILL 520 North Miehigan Ave. 

CINCINNATI, OHIO I6th Eioor, Times-Star Building 

CLEVELAND, OHIO 1520 Midland Building 

DALLAS, TEXAS 511 Tower Petroleum Building 

DAYENPORT, lOWA 918 Kahl Building 

DAYTON, OHIO 306 Harries Building 

DENYER, eOLO 608 U. S. National Bank Building 

DETROIT, MICH 610 New Center Building 

PAIREIELD, eONN... Boston Post Road 

HARTPORD, eONN.. Capitol Building, 410 Asylum Street 

INDIANAPOLIS, IND 1008 Merehants Bank Building 

KANSAS eiTY, MO .2306 Power & Light Building 

LOS ANGELES, CALIF. 108 West Sixth Street 

MILWAUKEE, WIS 735 North Water Street 

MINNEAPOLIS, MINN 1060 Northwestern Bank Building 

NEWARK, N. J. 2706 Newark and Essex Building 

NEW YORK, N. Y 2 30 Park Avenue 

PHILADELPHIA, PA 123 South Broad Street 

P¥'r'r<;mTPrH pa ^ ^^^^^ ^^^^^' ^^^"^ OIiver Building 

PITTSBURGH, PA General Offices, Gulf Building 

RICHMOND, VA 213 Builders Exchange 
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SOUTH BEND, IND 422 J.M.S. Building 

TOLEDO, OHIO 1804 Ohio Building 

WASHINGTON, D. C 605 Southern Building 

WIGHITA, KAN 411 4th National Bank Building 




The word "Aleoa" and the adiaeent design are registered trade- 
marks applied to theproduets of Aluminum Gompany of Ameriea, 
whoseteehnieal stafF exercises the most rigid eontrol over every 
proeess in the produetion of Aleoa Aluminum— from themining 
of bauxite ore to the produetion of uniform and high quality 
aluminum and aluminum alloys, in every eommereial form. 
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